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ABSTRACT
Pure polyactic acid is widely used for packaging, but it has limitation due to its oxygen barrier property.
We investigated oxygen scavenging active packaging by incorporating synthetic antioxidant butylated
hydroxyl toluene (BHT) into matrix composite film (plasticized polylactic acid-natrium montmorillonite/
NaMMT) using direct casting. The 2.2-Diphenyl-1-picrylhydrazyl (DPPH) or antiradical activity was
used to investigate oxygen scavenging of butylated hydroxytoluene in PLA active composite film during
15 storage days at 30oC. Oxygen permeability was calculated by using ASTM F3136-15 method. BHT
Oxidation rate of the active film composite film was 0.043 times per day. The BHT was estimated fully
deteriorate after 108 storage days. The research revealed that the oxygen barrier property improved
by 2.3 times compared to the passive polylactic composite film. BHT concentration between 5-10% was
enough to significantly reduce oxygen permeability value. Oxygen permeability value and antiradical
activity deterioration was significant correlated at 97 to 99 percents.
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1. INTRODUCTION
The purpose of primary packaging design
for food is to prevent oxygen permeation by
diffusion through the film packaging structure
during storage. Recently, active film packaging
design has become an interesting research, especially
when related to the incorporated active material in
the matrix polymer film. Polylactic acid (PLA) is an
interesting biopolymer matrix film material that
be applied as oxygen scavenging active film. This
material is a versatile entirely produced from
renewable resources [1] and have interested since
concern for the minor environment impact in
disposal packaging [2].
Gas barrier property is becoming an
important variable to address when designing a good
packaging system. PLA has a drawback as oxygen
barrier property less than other plastic material such
as polyethylene terephthalate (PET) [3]. In order to
decrease oxygen permeability was also executed
by blending PLA with other polymers such as
compatible plasticizer [4-5] ; poly(caprolactone)
[6], chitosan [7] and polyethylene glycol [8-9].
Furthermore, introducing clay fillers that were based
on PLA matrix composite film packaging were also
applied to enhance the oxygen barrier properties
[10]. Composite film consisting of plasticized PLA
and natrium montmorillonite improved the oxygen
barrier properties by 80% due to tortuous path
formation in the composite structure [11].
An improved oxygen barrier property film
packaging can be developed by incorporating
antioxidant material into the composite film
matrix. An antioxidant acting as an oxygen scavenger has the role of eliminating oxygen volumes
which permeate through the packaging or the head
space [12]-13]. Incorporating an oxygen scavenger agent into the polymer material within the
packaging film provides some benefits, such as
its suitability for the food packaging system. It

is also safe for consumers by eliminating food
product rejection and reduces cost production.
Researchers have shown an increased interest
surrounding the incorporation of oxygen scavenger
materials into packaging materials [14].
Among the antioxidant materials, butylated hydroxytoluene (BHT) is an example of one
commonly used in plastic, pharmaceutical, and
food industries as an antioxidant agent. BHT
releases a hydrogen agent to free radicals, resulting in more stable compounds [15]. Some researchers had reported that though applicating BHT for
packaging film into PLA decreased the glass temperature and crystallinity, it had the positive effect
of improving oxygen permeability. Unfortunately,
the concentration BHT should be less than 10% due
to the separation phase indication [16]. Meanwhile,
releasing incorporated BHT in PLA film at a lower
concentration (0.79%) into coconut oil provided no
changes within the thermal properties, oxygen, and
water vapor permeability [15].
Incorporating synthetic phenolic antioxidant
(SPAs) including BHA, BHT, PG and TBHQ to
PLA films at 1% (w/w) improved the oxygen permeability by 30% although the water vapor permeability did not change [17]. It has been cleared that
an oxygen scavenger active film based on PLA and
BHT design improved the oxygen permeability and
antioxidant release. However, the previous research
only addressed the incorporation of BHT into neat
PLA for active film design, since the NaMMT was
proven able to enhance the oxygen barrier property
for composite film based on plasticized PLA matrix
[11]. However, there is no report relating to the
oxygen scavenging active film based on plasticized
PLA composite filled NaMMT.
Furthermore, measuring the active film oxygen
scavenging performance can be accomplished
by using 2.2-Diphenyl-1-picrylhydrazyl (DPPH)
method. The DPPH is the most popular measurement method relying on radical scavenging activity
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which is based on the reaction between the DPPH
with the antioxidant [18]. Then, oxygen transmission rate (OTR) will be measured to ensure the
addition of BHT into the oxygen permeability active
film composite PLA-NaMMT. A new method,
OTR investigation, was applied that was based on
dynamic accumulation method [19].
This research aimed to investigate the improvement of oxygen permeability and oxygen scavenging active film based on plasticized PLA –NaMMT
composite. Antioxidant activity was measured using
DPPH analysis and oxidized BHT rate was calculated from empirical. Then, the oxygen permeability was calculated from the oxygen transmission rate
and used to measure the prolongation active film
period. This research also deals with the antiradical activities and oxygen permeability improvement.

2. EXPERIMENTAL SECTION
2.1 Material
Poly(lactic acid) (PLA) A-101 with 80,000 g/
mole and density 1.24 g/cm3 was supplied from
Shenzen Esun (China). Then, a chlorofom HPLC
grade C606-4 was purchased from Fisher Scientific, USA. Polyethylene Glycol-400 was supplied
from Fisher Scientific, USA with an average molecular weight 380-420, density 1.13 g/mol. Unmodified montmorillonite (Na-MMT) was purchased
from southern clay products, Gonzales, Texas,
USA. 1,1-diphenyl-2-picryl-hydrazyl (DPPH) was
purchased from Sigma-Aldrich (USA), methanol
was purchased from Merck (Germany) and butylated hidroxytoluene (BHT) was purchased from
Sigma-Aldrich (USA).
2.2 Methods
Active film composite consisting of matrix
composite (PLA-PEG400-NaMMT) and antioxidant agent BHT was prepared using direct casting

method [20]. Before processing, PLA was dried in
the oven for 6 hours at 45oC. Plasticized PLA was
produced from a PLA-PEG400 solution under chloroform solvent. Amount of PLA was 5% weight of
chloroform (w/v) and PEG400 5% weight of PLA
(v/w). In detail, 20 g PLA were dissolved in 400 ml
chlorofom and stirred vigorously at 750 rpm for 60
minutes at 55oC. Then, PEG was added at about 1.13
ml into PLA solution and continued to be stirred for
15 minutes. Next step, composite matrix solution
was created by adding NaMMT 5% of PLA (w/w)
or 1 g NaMMT into plasticized PLA solution and
stirred for 15 minutes. Finally, BHTs were introduced in the composite solution at various concentrations of 1%, 5% and 10% of PLA (w/w) and stirred
for 15 minutes. The dissolved active film composite
solution were poured onto a glass petridish with a 10
cm diameter. Then, active composite solutions on the
petridishes were dried into films at 35oC for 15 hours.
Resultant active film composite plasticized PLANaMMT-BHT were peeled from petridishes and the
active film thicknesses were measured in 7 locations
using a micrometer with thickness 25 ± 1.8 µm.
2.3 Oxygen Permeability Measurement in
various temperature
The oxygen permeability of the matrix film
composite plasticized PLA-NaMMT and oxygen
scavenging film composite plasticized PLANaMMT-BHTs were measured according to a new
method called “dynamic accumulation” by measuring the oxygen transmission rate. This OTR measurement was based on ASTM F3136-15 [21] that
utilized permeation apparatus from Oxysense, Inc.
6000 South Eastern Ave, Suite 14G, Las Vegas, NV
89119, USA. The oxygen accumulation chamber
had a sample area of 16.62 cm 2 and a volume of 8.3
cm3. Initially, the cell was purged with more than 10
volumes of industrial grade compressed nitrogen.
The completion of the purge was followed by monitoring oxygen concentration decrease to a constant
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zero level using the Oxysense Model 310 device.
Thus, industrial-grade oxygen (approximately
100%) was used to purge the test-gas chamber.
Oxygen concentration in the dynamic accumulation (DA) chamber was measured and recorded
periodically during the test using commercially
available oxygen fluorescence sensor (Model 310;
Oxysense, Inc). OTR was subsequently calculated as described [19]. The controlled temperature chamber measurement used a mini refrigerator
(NuCool C-RNU281VS; Haier America Trading,
LLC, NY, USA). A Light bulb was applied by a PID
heat controlled (Omega CSC32; Omega Engineering, INC, Stamford, CT, USA). Temperature control
was set into certain temperature (15°C; 23°C and
30°C as experimental variables). The PID controller temperature measurement deviated at approximately 0.2°C. In this research, the oxygen tranmission rate was measured at differences temperatures,
which are listed as follows: 15°C, 23°C and 30°C.
All OTR measurements were replicated 3 times.
2.4 Antiradical Activity
The DPPH radical scavenging activity was conducted according to [22] with a slight modification.
A piece of active film plasticized PLA- (0.1 g) was
cut into small pieces and mixed with 2 ml methanol.
The mixture was vigorously vortexed for 3 minutes
and placed in a dark environtment at room temperature for 3 hours. Then, it was vigorously vortexed
for 3 minutes and centrifuged at 2300 rpm for 10
minutes. The supernatant was analyzed for DPPH
radical scavenging activity. An aliquot of methanol
extract (500µl) was mixed with 2 ml of 0.06 mM
DPPH in methanol. The mixture was vigorously
vortexed for 1 minute and allowed to stand at room
temperature in the dark for 30 minutes. The absorbance was measured at 517 nm using UV spectrometer (Model UV-2101 PC, Shimadzu, MD, USA). The
methanol was used as control was calculated and
mixed with 0.12 mM DPPH. Then, DPPH radical

scavenging activity was calculated as follows

Where Asample is the absorbance of sample and
Acontrol is the absorbance of the control. The values
presented were the average of three replication
measurements.

3. RESULT AND DISCUSSION
3.1 Oxygen Permeability
Oxygen permeability property film packaging relies on quantification of oxygen transmission
through the film packaging. Packaging material has
a lower oxygen permeability coefficient indicates the
oxygen pressure inside the packaging falls to very
low the value that affects the extending product shelflife [23]. Additionally, packaging design purposes
improving oxygen barrier property that shown lower
oxygen permeability coefficient. In this research,
the role of oxygen permeability value of PLA active
films composite added with BHT. Oxygen permeability active film PLA composite in different temperature measurements are shown in Fig 1.
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Figure 1. Oxygen permeability active film based on PLA.
In Fig. 1, a lower oxygen permeability value
indicates small oxygen molecules can through pass
the film. This research has identified that introducing a larger BHT into plasticized PLA matrix composite resulted in a significantly lower oxygen permeability value. This finding proved that presenting
BHT in active film PLA composite inhibited oxygen
diffusion through the film. Incorporated BHT into
PLA film was reported improving packaging film
from CO2 and O2 permeation although are strongly
affected on the quantity antioxidant added [1].
Measured oxygen permeability containing
antioxidants are shown in Fig. 1, presenting BHT
reduced oxygen permeability value and did not
significantly change the plasticized PLA-NaMMT
matrix oxygen permeability coefficient. The
oxygen permeability plasticized PLA-NaMMTBHT active films reduced at 2.0, 2.4, and 2.5 times
when introduced BHT 1%, 5% and 10%, respectively. Reducing the oxygen permeability value
indicates improving oxygen barrier or permeation. In addition, correlation of BHT breakdown

and the oxygen permeability reduction was calculated between 0.97 and 0.99. It means that the BHT
has proved to enhance the oxygen barrier properties of oxygen scavenging active film composite
plasticized PLA.
Furthermore, this research also measured the
effect of temperature to oxygen permeability performance on active film plasticized plasticized
PLA-NaMMT-BHT. Increasing the temperature
accelerated oxygen diffusion through the active film
plasticized PLA composite (Fig 1). As expected,
oxygen permeability value tended to increase when
a higher temperature was applied during measurement. Temperature dependence on oxygen permeability can be processed using Arrhenius equation
to find the activation energy.
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Table 1. Activation energy and pre-exponential factor oxygen permeability active film composite
plasticized PLA-BHT
Active Film Composite
Plasticized PLA-NAMMT+BHT 0%
Plasticized PLA-NAMMT +BHT 1%
Plasticized PLA-NAMMT +BHT 5%
Plasticized PLA-NAMMT +BHT 10%
Activation energy can be generated by plotting
graph between reciprocal temperature and Ln
oxygen permeability. Table 1 presents the activation energy oxygen permeability as a function
of BHT concentration. In this table, it is clear
that the activation energy was lower following an
increase in BHT concentration in the matrix film
composite plasticized PLA. Activation energy is
lower indicated oxygen barrier property improvement or a decreasing oxygen permeability value
[24]. However, introducing BHT into PLA matrix
film composite between 5% and 10% did not significantly affect the oxygen permeability in storage
temperature between 15-30oC. The BHT threshold
was at 5% amount during PLA active film composite to improve oxygen barrier property.
3.2 Antiradical Activity
DPPH was used to investigate the antiradical
activity of BHT in the active film composite to represent oxygen scavenging performance. The antiradical activity BHT in various concentrations were
observed for a 15 days period. The storage system
was conditioned, ommiting environmental effect
using insulated storage that maintained the storage
at a desired temperature of 30oC. The BHT deteriorations were ensured from the free oxygen which
was present in the chamber during storage.
This research applied a control film consisting of PLA-PEG400-NaMMT-BHT 0% or matrix
film composite without any BHT addition. From

Energy activation
(kJ/mol)
13.31
8.59
7.42
7.29

Pre exponential
factor (x103)
597.2
5.4
1.6
1.5

the measurement, the DPPH investigation showed
neither antiradical activity nor oxygen scavenging
activity. As expected, lack of BHT into matrix film
composite can be categorized as a passive composite film. The radical scavenging activity result of
the active film composite (PLA-PEG400-NaMMTBHT) were displayed in Figure 2.
One interesting finding in this research is the
fact that all active films composite provided antiradical activity during storage which enhances the
theory of BHT as a single agent oxygen scavenger. This research revealed that antiradical activity
tended to decrease the longer the storage time. Surprisingly, incorporating BHT 1% into PLA film
composite expressed significant oxygen scavenging activity rate that could be oxidized rapidly by
free oxygen present in the chamber. The figure 2,
showed a significant antiradical activity beginning
from the fourth day of storage.
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Figure 2. Antiradical activity active film PLA composites
Another important finding was that incorporating BHT into plasticized PLA film without the
addition of NaMMT ensued a better oxygen scavenging than the active film which consisted of
lower BHT concentration. It seems that the oxidative retention is affected by BHT concentration.
The data indicated remaining antiradical activity
PLA film composite-BHT 5% was lower than PLA
film-BHT 10%. The antioxidant addition occurred
less free volume than a pure matrix film that
resulted lower oxygen permeation through pass
the film packaging [25]. In this research, diffused
oxygen through free volume of the plasticized
PLA-NaMMT matrix film will interact with and
oxidized BHT continuously. A higher BHT concentration in the matrix film offered larger antioxidant
that acted reducing as oxidation process and ensure
antioxidant activity.

The most interesting finding was when presenting BHT 10% into plasticized PLA matrix filled
NaMMT showed a higher remaining BHT among
others. It means that the largest amount of BHT
provided a longer period retention to oxidize from
free oxygen in the ambient. However, detailed explanation could be correlated with the existing of MMT
in the active film. Previously, our research revealed
introducing NaMMT into plasticized PLA impact to
reduce the oxygen barrier properties due to tortuous
path configuration. NaMMT configures a tortuous
path which increased the diffusion distance of
oxygen passing through the film at about 28% [11].
BHT degradation trend showed exponentially
both in the oxygen scavenger active film based
on PLA filled with and without NaMMT. Other
researchers reported the first order degradation of
BHT occurred when it was applied into HDPE [26]
Oxidized BHT rate grew faster whilst the amount
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of BHT in the matrix plasticized PLA was getting
smaller. The BHT oxidation rate was minimalized
at 10% with a rate of -0.043 times per day. Then,
a faster BHT degradation rate was achieved -0.097
times per day that presented about 1% BHT incorporated in the matrix film. Furthermore, BHT will
be totally loss in the matrix film composite plasticized PLA-NaMMT within 23, 15 and 10 days of
presenting BHT 10%, 5% and 1%, respectively at
30oC. The BHT loss rate was better than HDPEBHT, which lost about 95% within 7 days of 30oC
storage (Han et al., 1987) and disappeared within 5
days of storage at 45oC [26]
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CONCLUSION
We have confirmed that BHT is an antiradical
agent that improves oxygen barrier active film composite. The use of a higher concentration of BHT in
the matrix film composite results in significant antiradical activity and oxygen scavenging improvement,
but a decrease in antiradical activity during storage
the period. The BHT retention rate is slower when
a larger amount incorporated into the matrix film
composite. The antiradical activity remained at 57%
during the 15 days and was predicted to disappear
after 108 days storage at 30oC. BHT enhances oxygen
barrier active film composite by about 2.7 times and
reduces oxygen permeability at -0.043 kg m/m2 s Pa
times per day. This research concluded that introducing BHT at 5% and 10% did not result significantly
to oxygen permeability. Temperature effects oxygen
diffusion through the active film of plasticized PLA
composite. The improvement of the oxygen barrier
property correlates with the BHT breakdown and the
oxygen permeability reduction of 0.97-0.99%.
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